We investigate carbon Kuznets curves (CKC) relationships for advanced countries grouped in policy relevant groups -North America and Oceania, South Europe, North Europe -by means of various homogeneous, heterogeneous and shrinkage/Bayesian panel estimators. We try to provide an answer to the question "how sensitive are the CKC estimates to changes in the level of parameters' heterogeneity?". We do find that in coherence with their 'policy and economic' commitment to carbon reductions and environmental market based instruments implementation, bell shapes are present only for northern EU, that leads the group of advanced countries. The other two lag behind. We show for the first time that CKC shapes are present if we net out Europe of the southern and less developed countries. This is coherent with the Kuznets paradigm. The negative side of the tale is that they characterise a bunch of few countries. Other advanced countries lag behind and are far from reaching a CKC dynamics. Heterogeneous and Bayesian estimators clearly show this, with the latter presenting turning points closely around $13,000 per capita GDP. Heterogeneous panel estimates also show that in those two cases presumed bell shapes turn into linear relationships. The stability of outcomes across models is stronger when we compare heterogeneous rather than homogeneous models. If it is compared with other studies, our analysis highlights a relative lower variability across specifications.
Introduction
Many and diversified stylised facts have been proposed on the relationship between pollution and economic development, which became known as the Environmental Kuznets Curve (EKC) hypothesis (Grossman and Krueger (1995) , Holtz-Eakin and Selden (1994) ). An extensive overview of the main theoretical issues (Andreoni and Levinson, 2001 ) can be found in Brock and Taylor (2010) , while a recent meta analysis is provided by Carson (2011) , who shows an ongoing interest in the issue. This paper focuses on the CO2 emission-income relation (CKC, Carbon Kuznets curves) which offers the most robust time series data for applying advanced (long-run) panel data econometric techniques. The relevance of carbon is also depending on the fact that absolute decoupling , that is a negative relationship between emisisons and income leveks, is not (yet) apparent for many important world economies (Musolesi et al., 2010) . Recent works have highlighted that there is some evidence supporting EKC shapes for CO2, but variable by geographical areas and by estimation The other main contribution we intend to provide with this paper is methodological. We then link some policy insights to the results through a specifici sampling choice of countries. In particular we address here a not yet explored, but relevant, issue by contrasting various homogeneous, heterogeneous and shrinkage/Bayesian panel data estimators and trying to provide an answer to the question "how sensitive are the CKC estimates to changes in the level of parameters'heterogeneity?". Such a question is raised because it is difficult a priori to choose between homogeneous and heterogeneous panel estimators. On the one hand, with the increasing time dimension of panel datasets, the homogeneity of the parameters implicit in the use of a pooled estimator has been questioned in favour of estimators allowing for heterogeneous slopes (Pesaran and Smith, 1995; Swamy, 1970) . This is mainly motivated by the possible heterogeneity bias associated with the use of pooled estimators. As pointed out by Hsiao (2003) , if the true model is characterised by heterogeneous intercepts and slopes, estimating a model with individual intercepts but common slopes could produce the false inference that the estimated relation is curvilinear. Empirically, this situation is more likely when the range of the explanatory variables varies across cross-sections.
This situation generally corresponds to the estimation of ECK for groups of countries because: i) per capita GDP presents high variation across countries, ii) the different groups of countries cannot be characterised by a common slope and, consequently, there is a high risk of estimating a false curvilinear relation when using homogeneous estimators. Some researchers have also suggested using "intermediate" estimators as Bayesian shrinkage estimators (Maddala et al. 1997) where each individual estimate is shrunk towards the pooled estimates with shrinkage weights depending on the corresponding covariance matrix or the Pooled Mean Group (PMG) estimator , allowing intercepts, short-run coefficients and error variances to differ freely across crosssections, while long-run coefficients are held constant. On the other hand, however, in practice when researchers have tried to find the "best" method in statistical terms, the results appeared quite mixed. Baltagi et al. (2000 Baltagi et al. ( , 2002 Baltagi et al. ( , 2004 , find that very often homogeneous estimators beat heterogeneous one, in terms of predictive ability, since the efficiency gains from pooling may overcome their costs. More recently, Trapani and Urga (2009) complement previous works by means of simulations. They provide a rich study by allowing different levels of heterogeneity, residual serial correlation and cross sectional correlation and also by considering alternative measures of forecast accuracy. Of particular interest for our work, they also consider the Pesaran and Timmerman's statistics on the ability of forecasting turning points. Their results appear to be sensitive to the level of heterogeneity and cross sectional correlation but are independent of the error term dynamics and of the time and cross sectional dimension. The homogeneous estimators provide better performances when the degree of heterogeneity is low, while for high levels of heterogeneity the shrinkage/Bayesian estimators appear to be the best choice. Also cross sectional correlation plays a substantial role: increasing cross sectional correlation generally makes forecasting more difficult and leads to opt for a shrinkage/Bayesian estimator. With a high level of cross section correlation, only few Bayesian estimators appear to be able to correctly predict turning points.
We test the relative performance of various homogeneous, heterogeneous and bayesian estimators by presenting a comparative assessment of CKC shapes for three groups of homogeneous countries, by grounding our choice on empirical stylized facts related to environmental policy orientation towards climate change, to environmental innovation patterns and finally to energy The paper is structured as follows. Section 2 presents the empirical specification and the estimation methods. Section 3 comments on the econometric findings. Section 4 concludes.
2 Empirical specification and estimation methods
Model
Let us suppose that the researcher observes panel data (y it , x it ), where y is the logarithm of CO 2 emissions per capita, x is the logarithm of per capita GDP; i ∈ Γ, and Γ is the set of cross-section units Γ = {1, 2, ..., N } and t ∈ Λ={1, 2, ..., T } indicates time series observations. A standard ECK 
where , c i are individual effects capturing time invariant heterogeneity, and ε it is the the error term and p x it , β (i) is a polynomial function. As in Trapani and Urga (2009) we next group the results into three main groups: homogeneous, heterogeneous and Shrinkage/Bayesian estimators. estimator for dynamic "large" panels (i.e. suitable when the number of time series observations -T-is relatively large) which allows the intercepts, short run coefficients and error variance to differ across groups, while the long-run coefficients are constrained to be the same.
Homogeneous estimators

Heterogeneous estimators
As pointed out by Pesaran and Smith (1995) with respect to the dynamic model, when the parameters are heterogeneous across cross-sections, pooling leads to biased estimates. We therefore will focus our attention on heterogeneous estimators. In particular we consider the Swamy (1970) random coefficient GLS estimator, which is a weighted average of the individual least squares estimates where the weights are inversely proportional to their estimated variance-covariance matrices. We then use the Mean Group (MG) estimator proposed by Pesaran and Smith (1995) for dynamic models. It estimates separate Auto-Regressive Distributed Lags (ARDL) equations for each group and examines the mean of the estimated coefficients -the so-called Mean Group (MG) estimator, that it has been shown to be consistent. 3 Results
Shrinkage/Bayesian estimators
Data and Samples
As it was anticipated above, three groups of countries are selected in order to provide CKC for (economically, institutionally and policy) coherent set of aggregated countries. Very recently
Ordas-Criado and Grether (2011) group countries by income and geographical features in a carbon dioxide convergence analysis, taking EU15 as a group among others. This is a kind of ex ante categorisation that estimates will further check as far as its empirical coherence is concerned.
Some recent studies us instead ex post classifications based on the analysis of EKC transitions (Martuani and Martinez-Zarzoso, 2011) . The three groups are:
• The 'Umbrella group': Australia, Canada, Japan, New Zealand, Norway, U.S.A. this is a set of 'anti Kyoto' countries, or rather countries willing to adopt flexible instruments (such as joint implementation, clean development mechanisms) rather than stringent and specific national policies (carbon taxes, emission trading) in order to achieve climate change related international and national goals.
• The 'European Union (EU) North': Belgium, Denmark, Finland, France, Germany, Netherlands, Sweden, U.K. those are the relatively more climate change policies supportive countries.
• The 'EU south': Austria, Greece, Ireland, Italy, Portugal, Spain. Those are the countries that were still relatively over 'development oriented paths', and less in favour of stringent climate policies and targets.
those three groups present similar features with respect to economic and policy oriented issues, especially in fields such as environmental innovation intensity, energy issues, commitment to climate change policy. Empirical analysis provide more food for thought with respect to studies (the majority) that take as reference OECD, all advanced countries (vs developing ones) and other more aggregate clustering.
Data on emissions are taken from the database on global, regional, and national fossil fuel CO2 emissions prepared for the US Department of Energy's Carbon Dioxide Information Analysis Centre (CDIAC). For our study, we use the subset of emissions data that matches the available time series on GDP per capita. Data on GDP per capita in 1990 International 'Geary-Khamis' dollars are from the database managed by the OECD.
For our study we use the subset of emission data that matches the available time series on GDP per capita on the basis of joint availability, series continuity, and country definitions. This resulted in a sample which covers a long period . Table 1 below summarises the main variables used and the descriptive statistics. Tables 2 and 3 present the estimation results starting from a cubic specification, p x it , β (i) =
Estimation results
it , where the model reduction is made by excluding non significant terms.
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This is the standard 'from general to particular' procedureà la Hendry adopted in time series
analyses for arriving at the most economic and statistical significant specification. For each employed estimator, we examine the three samples of countries in terms of carbon-income shape Swamy (1971) to test the null hypothesis of coefficients constancy across countries. 3 The results strongly support the hypothesis of slope heterogeneity across cross sectional units. Secondly, the slope homogeneity is tested in a dynamic framework by using the Hausman type test comparing the MG and the PMG estimates. Also this test clearly rejects the null hypothesis of long-run slope homogeneity.
For both the heterogeneous and shrinkage/Bayesian estimators there is a confirm of the existence of an inverted U relation in the case of northern European countries, with TPs that are very close to those obtained imposing slope-homogeneity ($12-13,000 per capita). However, for both the Umbrella group and southern European countries, most heterogeneous estimators provide evidence of a linear CO2-GDP relationship, which the homogenous estimator captured by showing a 'fake' EKC shape. This is reasonable having in mind the properties of the two series of estimators. The estimated elasticity of linear forms is always slightly lower than 0.5, which is a sign of (at least) relative de-linking (emissions grow but less than GDP). To sum up, the set of heterogeneous based estimators, Bayesian or not, provide robust evidence of an EKC for the EU north countries and only relative delinking for the other two groups.
We note that the consistency of estimates across models (in terms of level of the coefficient)
is stronger for heterogeneous models. We show that tackling heterogeneity using heterogeneous and shrinkage/Bayesian estimators provides a clearer understanding of the income-environment relationship, by avoiding to find a curvilinear relation for both the Unbrella and the UE-South countries. Table 4 4 Conclusions
We do find that in coherence with their 'policy and economic' commitment to carbon reductions, bell shapes regarding carbon-income relationships over the long run are present only for northern EU, that probably even had anticipated, through energy efficiency 'reactions' to oil shocks, eco- A certain sensitiveness of CKC estimates to changes in the level of parameters' heterogeneity is recognised. We indeed note that heterogeneous and shrinkage/Bayesian panel estimates 'turn' bell shapes into linear relationships for the Umbrella and EU-South groups. We also find empirically that both the cross-section correlation is present in the data and that the slope homogeneity is a not reasonable assumption leading to,à priori, prefer shrinkage/Bayesian estimators (Trapani and we set the maximum lag to be considered in the autocorrelation structure, l, equals to 1 ( with l=2 or 3 we get similar results). 
